We derive five hypotheses regarding market competition, price, and advertising from a theoretical model of a profit maximizing depository institution, and test these conjectures in a simultaneous system of deposit interest rates and advertising expenditures for a data panel of 1,867 thrift institutions that offer 13 different deposit products in 666 local markets in the U.S. between 1994 and 2000. We find some support for each of our hypotheses -branding, information, Dorfman-Steiner, structure-advertising, and structure-price -with the strength of the results often depending on the attributes of the deposit products or the characteristics of the thrifts.
Introduction
While the strategic use of advertising to inform the marketplace, attract new customers, and influence the behavior of existing customers has been studied extensively for non-financial firms, we know relatively little about these issues for financial institutions. In the U.S., financial institutions traditionally have not used advertising as a competitive tool. In large part this is due to the fact that regulation had for years constrained the ability of financial institutions to price their products, expand their product offerings, and grow their franchises -thus, the potential returns from advertising have traditionally been limited for financial institutions. In recent years, however, most of these restrictive regulations have been lifted from the U.S. financial sector, and this has increased the incentives for financial institutions to advertise -especially depository institutions that compete in retail markets where advertising is a potentially powerful strategic tool. This paper examines the strategic determinants and competitive impact of advertising expenditures in financial markets using data from 1,867 deregulated thrift institutions (savings and loans) operating in 666 local markets in the U.S. between 1994 and 2000. The thrift industry provides an excellent laboratory to examine these questions. Thrifts produce both standardized deposit products such as certificates of deposit, and non-standardized deposit products such as checking (NOW) accounts which vary in terms of fee structure, minimum balances, branch and ATM locations, and the quality of in-person (e.g., teller) services. Thrifts operate in hundreds of separate and well-defined local markets. And advertising has become an increasingly important expenditure in this industry, increasing by 21 percent (real dollars) during our sample period, even as the number of thrifts shrank by 34 percent.
We derive five testable hypotheses from a theoretical model of thrift profit-maximization. Four of these hypotheses involve advertising as an endogenous or exogenous argument: the structure-advertising hypothesis that advertising expenditures are determined by the level of concentration and inter-firm rivalry in local markets; the branding hypothesis that advertising creates a perception of product differentiation and hence reduces demand elasticities; the information hypothesis that advertising communicates actual product attributes; and the Dorfman-Steiner hypothesis that advertising expenditures are set optimally as a function of their marginal revenue products. The fifth testable result is the standard structure-price hypothesis that product prices (in this case, deposit interest rates) are determined by the levels of concentration, own market share, and inter-firm rivalry in local markets. We test these hypotheses in a simultaneous equations system of deposit prices and advertising-to-deposit ratios. The system is estimated for 13 different deposit products -including NOW accounts, money market mutual accounts (MMDAs), and a variety of short-term, long-term, negotiable, and non-negotiable certificatesof-deposit (CDs) -using three-stage least squares techniques, with fixed thrift effects and fixed time effects.
In general, our findings suggest that thrift institutions use advertising in a strategic fashion similar to non-financial firms. We find support in the data for each of the four advertising-related hypotheses, although the degree of this support often hinges on the attributes of the deposit products themselves (e.g., product differentiability, switching costs) or on the characteristics of the thrifts themselves (e.g., ownership structure, strategic focus). For example, the data are consistent with the branding hypothesis only for NOW account deposit rates, and are consistent with the information hypothesis only for non-NOW account deposit rates. Support for the branding hypothesis is strongest among subsamples of thrifts for which investment in brand-building seems most reasonable (e.g., long-lived thrifts, thrifts with a strategic product focus). We find a systematically positive structure-advertising effect for stock-owned thrifts, but no similar effect for mutual-owned thrifts, suggesting that a strong profit motive is necessary for strategic use of non-price attributes. The Dorfman-Steiner hypothesis receives systematic support throughout the data. Finally, the data are consistent with the structure-price hypothesis for deposit products more likely to be owned by relationship-based customers (NOW accounts and long-tern CDs), but we find no similar evidence for short-run CD or negotiable CD products. We also find that stockowned thrifts tend to exploit dominant market share positions by paying reduced interest rates to their core depositors, while mutual-owned thrifts tend to pass along the benefits of dominant market share to their core depositors.
Five main hypotheses
None of the five hypotheses that we derive and test in this paper are new, and they all have been tested previously in the empirical industrial organization literature. However, we derive each of these hypotheses from a single theoretical model of thrift profit maximization (presented in the following section), and to our knowledge this is the first study to test all of these hypotheses collectively for depository institutions. In the course of presenting and discussing these five hypotheses, we will cite only the seminal studies most directly related to our examination of these hypotheses and their effects at depository institutions. For a thorough review of the extant literature on advertising, pricing, and market structure, the interested reader can look to Bresnahan (1989) , Scherer and Ross (1990) , Schmalensee (1989) , or Bagwell (2003) .
The structure-advertising hypothesis posits that advertising is a strategic tool and its level is determined by the degree of market concentration and inter-firm rivalry. The most general framework for describing this relationship is the "inverted-U", first observed by Kaldor and Silverman (1948) and afterwards by many others, and for which Greer (1971) provides an explanation. At either end of a competitive spectrum -perfect competition on the left and pure monopoly on the right -there is no strategic reason for firms to advertise. In between these two extremes, however, firms in non-collusive oligopoly markets engage in attempts to steal customers away from their competitors, and one strategy is to differentiate their products from those of their competitors by advertising. Thus, in a cross-section of markets one would expect to see an inverted-U relationship: advertising per unit of sales would at first increase with market concentration; rise to a maximum for loose oligopoly markets; and then decrease with market concentration for tight oligopoly markets and monopoly markets. In this context, the Brozen (1974) hypothesis that advertising intensity increases with competition is consistent with the right-handside (downward sloping) portion of this inverted-U shape.
The branding hypothesis posits that advertising can be "persuasive" and used to create a perception of product differentiation even where no actual differentiation exists, and by doing so create brand loyalty among customers (e.g., Braithwaite, 1928 , Chamberlain, 1933 , Bain, 1956 and, Comanor and Wilson, 1967 . Successful product differentiation, whether real or perceived, reduces demand elasticity and hence allows firms to set prices that are less favorable to customers (e.g., Lambin, 1974, Boulding, Lee, and Staelin, 1994) , for example, lower deposit rates in the case of thrifts. Branding is more likely to be effective for deposit products that already have some qualitative differences across firms, e.g., checking accounts which can vary in terms of locational convenience (branch offices, ATMs, internet banking) or personal service (availability and/or quality of human tellers).
The antithesis of the branding hypothesis is the information hypothesis, which posits that advertising can be "informative" and used to communicate actual and observable, rather than perceived, product attributes to potential customers (e.g., Chamberlain, 1933 , Ozga, 1960 , Stigler, 1961 , Telser, 1964 . This type of advertising is likely to be effective for products that vary across competitors in objective, measurable attributes which can be communicated in advertisements. For thrift institutions, these might be 'financial commodity' products such as certificates of deposit that are identical across competitors in every way except the contractual interest rate; thrifts are likely to advertise these products if they are offering a higher-than-market interest rate.
The Dorfman-Steiner (1954) hypothesis posits that a profit-maximizing firm will set its advertising expenditures optimally as a joint function of (a) its marginal revenue product and (b) its advertising elasticity of demand. In other words, firms advertise more when the benefits from advertising are high: if selling a marginal unit generates a large contribution to profits and/or if a marginal dollar of advertising yields large increases in sales. Note that under this hypothesis advertising has no strategic role, and is evaluated similar to other inputs to the production process.
The structure-price hypothesis posits that prices are determined by the structure of the local market (firm market shares and overall market concentration) and the degree of inter-firm rivalry supported by that structure. The original market structure hypothesis dates to Bain (1956) : in the presence of entry barriers, high market concentration will convey collective market power to all of the incumbent firms, allowing them to charge higher prices (in our case, lower deposit rates), and as a result earn higher profits. If high market concentration is due primarily to a single firm with a very high market share, then that dominant firm may enjoy market power and the ability to charge high prices and earn high profits, while the other incumbent firms may not. A competing theory known as the "market efficiency" hypothesis -generally associated with the University of Chicago (e.g., Demsetz 1973) -states that observed positive relationships between market structure and profits reflect the market positions gained by especially well-run firms. These efficient firms offer a better price-quality combination to customers, and hence gain both high market share (driving up market concentration) and earn high profits (by charging higher prices and/or having lower production costs). To disentangle these related phenomena in our empirical model, we interact local market concentration with thrift market shares; include a variable that measures thrift production costs; and use fixed thrift effects estimation to control for inter-thrift quality differences that are unobservable in the data.
Theoretical model
In this section we develop a theoretical model of market structure, price competition, and nonprice competition for thrift institutions. The model builds on previous work by Klein (1971 ), Hannan (1991 ), and de Pinho (2000 , and defines non-price competition broadly to include advertising or other variable expenditures that affect actual or perceived brand image or service quality. While the core theoretical implications of the model are standard, in estimation we augment the model to test a wider set of alternative theories of market structure and strategic price and non-price behavior.
We make several simplifying but reasonable assumptions about thrift production functions and business strategies. Thrifts purchase deposit liabilities and earn a margin by investing them in home mortgage loans. Thrifts are price-takers in competitive mortgage markets, but compete with rival thrifts in deposit markets by choosing deposit interest rates and non-price attributes.
1 Thrift i faces demand for deposits D i (r i , r k , V i , V k ). Deposit demand is increasing in the interest rate r i paid by thrift i to its depositors; increasing in the level of the non-price attribute V i offered by thrift i to its depositors; and decreasing in the price and non-price attributes of rival thrifts r k and V k .
Thrifts choose their price (r) and non-price (V) attributes to maximize their profits π as follows:
where p is the exogenous rate earned by all thrifts on mortgage investments;
function that is increasing in deposits, loans, and non-price attributes; and τ i = L i /D i is the loan-to-deposit ratio which can theoretically be greater than, equal to, or less than one. We treat τ i as a long-run policy variable that varies across thrifts but is fixed in the short-run. If a thrift's choices of r i and V i attract higher (lower) levels of deposits D i , then the thrift can immediately restore its τ i policy by making more (fewer) loans L i in the competitive mortgage market.
We treat r as an 'all-in' price of deposits in the theoretical model. This is appropriate for certificates of deposit (CDs) and for deposit transactions accounts that do not charge fees. In practice, however, some deposit products have a two-part price: an interest rate paid to the depositor in exchange of the use of her funds, plus a fee or fees charged to the depositor in exchange for various services (e.g., covering over-drafted checks). In the U.S., financial regulators require thrifts to report the interest rates they pay on a wide variety of deposit products; however, thrifts are not required to report deposit-related fees separately from other fee income. To the extent that fee structures are similar across thrifts, this mismeasurement of r should not substantially bias our results; in any event, this should be an issue only for checking accounts (primarily NOW accounts) and not for time deposits (CDs).
We treat V as a general non-price attribute in the theoretical model that is variable in the shortrun. This would include such as expenditures on marketing, advertising, or promotions. This is appropriate because we observe the thrift data quarterly. In the empirical model we treat non-price attributes such as the number of branches-per-depositor (locational convenience) or the number of employees-per-branch (personal service) as fixed thrift attributes that are exogenous in the short-run.
Differentiating (1) with respect to the deposit interest rate r i and the variable non-price attribute V i yields the following first order conditions:
It will be useful to have on hand expressions for the firm-level price (r i ) and non-price (V i ) elasticities of demand. These deposit demand elasticities are defined as follows:
where ε r i and ε V i are assumed to be positive, and as assumed above ∂D i /∂r i > 0, ∂D i /∂V i > 0, ∂D i /∂r k < 0, and ∂D i /∂V k < 0. The conjectural variation terms ∂r k /∂r i in (4) and ∂V k /∂V i in (5) represent thrift i's rational conjectures about the reactions of thrift k, respectively, to its price and non-price choices. As such, the degree of market competitiveness and inter-thrift rivalry is embedded in these terms. In a perfectly competitive market ∂r k /∂r i = 0 and ∂V k /∂V i = 0, while in a perfectively collusive market ∂r k /∂r i
= 1 and ∂V k /∂V i = 1. Thus, as the market becomes less rivalrous the demand elasticities (4) and (5) will decline -in other words, demand becomes less elastic.
Substituting (4) and (5) into (2) and (3), respectively, and rearranging yields useful expressions for thrift i's profit-maximizing levels of price and non-price attributes:
where the non-price attribute is scaled by total deposit demand. These two equations form the basis for our empirical investigation.
Although a closed-form solution for V i /D i is possible by substituting (6) into (7) and rearranging, we prefer the non-closed-form solution in (7) in which the non-price attribute is an explicit function of the deposit price. It is unlikely that thrifts choose V i independent from r i , or vice versa, and moreover the degree of interdependency between these two choice variables is likely to vary across deposit products.
For example, the branding hypothesis discussed above, in which advertising creates a brand image which allows more favorable pricing, suggests a negative relationship between r i and V i for differentiable deposit products (e.g., checking accounts). In contrast, the information hypothesis discussed above, in which advertising informs the market above product attributes, suggests a positive relationship between r i and V i for non-differentiable deposit products (e.g., CDs). Hence, to test the branding hypothesis against the information hypothesis requires us to estimate the relationships in (6) and (7) as a fully simultaneous system of equations.
Standard 'structure-conduct-performance' predictions work in our model through the elasticity measures (4) and (5). An increase in market concentration that reduces competitive rivalry in prices (i.e., an increased conjectural variation term ∂r k /∂r i ) is reflected in equation (6) by a reduction in the price elasticity ε r i and hence a decrease in r i . An increase in market concentration that reduces competitive rivalry in non-price attributes (i.e., an increased conjectural variation term ∂V k /∂V i ) is reflected in equation (7) by a reduction in the non-price elasticity ε V i and hence a decrease in V i /D i . The DorfmanSteiner condition discussed above is embedded directly in equation (7), where advertising is positively related to both the profit margin from intermediation (pτ i -r i -∂C i /∂D i ) and the advertising elasticity of
The model yields other reasonable predictions as well. In equation (6), efficient thrifts (low ∂C i /∂D i ) will earn high margins (pτ i -∂C i /∂D i ) and thus will be willing to pay higher interest rates to fund new business. This derived result is consistent with the market-efficiency hypothesis discussed above. In equation (7), thrifts will spend more on non-price attributes if these can produce them in a cost-efficient fashion (low ∂C i /∂V i ).
Empirical implementation
We estimate the interest rate equation (6) and the advertising intensity equation (7) as a simultaneous system, using a 1994-2000 panel of quarterly data for U.S. thrift institutions. The regression equations are specified as follows: 
INSTALLMENT it , BUSINESS it , IRAS it , TIME t , THRIFT i ) + e 9,it where the subscript i denotes thrifts and the subscript t denotes time in quarters. In equation (8) the dependent variable DEPRATE it is the deposit interest rate paid by thrift i in quarter t. In equation (9) the dependent variable ADV/TD it is the ratio of advertising expenditures-to-total deposits for thrift i in quarter t. Note that the ADV/TD and DEPRATE variables also appear on the right-hand-sides of equations (8) and (9), respectively, making the system of equations fully simultaneous.
The five main hypotheses are specified in (8) and (9) as follows: The branding hypothesis predicts a negative coefficient on ADV/TD in equation (8); if advertising creates a brand image, then thrifts that advertise more should be able to attract deposits for below-market interest rates. The information hypothesis predicts a positive coefficient on DEPRATE in equation (9); if advertising is used to convey information, then thrifts that pay above market interest rates will advertise more. The Dorfman-Steiner hypothesis predicts a positive coefficient on MARGIN in equation (9), where MARGIN equals the time t difference between the nationwide average 30-year fixed mortgage rate and thrift i's average deposit interest rate; if thrifts set their advertising expenditures optimally as a function their marginal revenue products, then thrifts with large profit margins will advertise more.
The structure-price hypothesis predicts a negative derivative with respect to HHI in equation (8), where HHI is the Herfindahl index calculated using the deposit shares of both the thrifts and the commercial banks present in thrift i's largest local market. 2 We interact HHI with MS, where MS is thrift i's share of local market deposits -this specification allows us to estimate the structure-price (collusion) effect of HHI while holding MS constant, as well as a separate structure-price (dominant firm) effect for MS while holding HHI constant. Hannan (1991) first proposed this specification, arguing that the interaction term allows us to disentangle collusive effects from dominant firm effects. Note that we include the variable COSTRATIO -the ratio of non-interest operating expenses (excluding advertising) to total assets for thrift i -in equation (8) as a weak test of the competing market-efficiency hypothesis.
A negative coefficient on COSTRATIO would support this hypothesis, as it would be consistent with both of the following: cost-efficient thrifts can afford to compete for deposits by paying high interest rates and/or thrifts offering high quality products that cost more to produce (e.g., lots of employees or branch offices) can retain their depositors while paying lower interest rates.
In general, the structure-advertising hypothesis predicts an inverted-U relationship between market concentration and advertising. A positive linear effect from the HHI and HHI×MS coefficients, coupled with a negative coefficient on HHI 2 , would be suggestive of this relationship; the derivative with respect to HHI in equation (9) could be either positive, zero, or negative depending on how the distribution of HHI lies relative to the inverted-U. As discussed above, a positive derivative would suggest that thrifts substitute non-price competition for price competition as markets grow more concentrated, while a negative derivative (Brozen, 1974) would suggest that increased market concentration reduces thrift competition across both price and non-price dimensions.
We include a number of additional right-hand-side variables in (8), some of which are proxies for variables that appear in the theory model. RIVALRATE is the unweighted average interest rate charged by rival thrifts (k≠i) operating in thrift i's home market. 3 This variable controls for variation in deposit rates that is idiosyncratic to the local market and not absorbed by the other right-hand-side variables; we a positive coefficient on RIVALRATE in equation (8). TAU is the ratio of total loans to total deposits for thrift i. Although in our theoretical model τ i = L i /D i immediately reverts back to its long-run value, in practice it is likely that thrifts require some time to correct imbalances in this long-run policy variable.
Thus, we expect a positive coefficient on TAU in equation (8) because thrifts with strong lending opportunities (relative to existing deposit balances) should be willing to pay higher rates to attract deposit funding. INCGROWTH is the annualized growth in personal income in thrift i's home state; the expected coefficient on INCGROWTH in equation (8) is ambiguous: in economically robust markets deposits will be plentiful (downward pressure on rates) but bank and thrift demand for deposits to fund growing lending opportunities will be high (upward pressure on rates). LOWEQ equals one for thrifts with equityto-asset ratios less than 2% and equals zero otherwise; the expected coefficient on LOWEQ in equation (8) is ambiguous: a positive sign would indicate that poorly capitalized thrifts succumb to moral hazard incentives and purchase deposits at above market rates; a negative sign would indicate that financially distressed thrifts attempt to save expenses by cutting rates paid to depositors.
We also include a number of additional right-hand-side variables in (9). RIVALADV is the unweighted average of the advertising-to-deposits ratios for rival thrifts (k ≠ i) operating in thrift i's home market. This variable controls for variation in advertising expenditures that is idiosyncratic to the local market and not absorbed by the other right-hand-side variables; we expect a positive coefficient on RIVALADV in equation (9). lnASSETS is the natural log of thrift i's total assets measured in year 2000 dollars; we expect a negative coefficient on lnASSETS in equation (9), because larger firms can take advantage of well-known advantages of size in advertising (Arndt and Simon, 1983) . We expect a positive coefficient on INCGROWTH in equation (9), because in economically robust local markets thrifts should get a relatively higher return to a given amount of advertising expenditures. We include three variables to control for thrift i's product mix: INSTALLMENT is equal to the ratio of consumer installment loans to total assets; BUSINESS is equal to the ratio of commercial loans to total assets; and IRAS is equal to the ratio of IRA and Keogh accounts to total assets. The expected coefficient on these variables depends on their advertising elasticities: a positive sign would suggest that demand for these products is advertising-elastic, while a negative sign would suggest advertising-inelasticity.
We include a vector of quarterly dummy variables (TIME t ) in both equation (8) and equation (9) to absorb variation in the dependent variables due to intertemporal changes in market prices (e.g.,
Treasury rates, mortgage rates), technological change, and regulatory and supervisory trends. The system is estimated with fixed thrift effects (THRIFT i ), which we implement by differencing all variables from their sample means prior to estimation.
Data
The data used in our analysis come from a number of sources. We observed financial variables from the Thrift Financial Reports (TFRs) between the first quarter of 1994 and the last quarter of 2000.
The beginning date was dictated by the availability of TFRs to us, and the end date was dictated by the availability of TFR Schedule YD (yield information on deposits) which was discontinued after year-end Our data set includes 1,867 thrifts operating in 666 banking markets during 1994-2000. 4 Thrifts less than 6 years old were excluded from the data (DeYoung and Hasan 1997, DeYoung 2003) . Of the 331 urban markets that existed during our sample period, 247 contained at least one thrift institution and hence are represented in our study. Rural markets are under-represented: of the 2,276 non-MSA markets that existed during our sample period, only 419 contained at least one thrift institution.
Summary statistics for all of the variables used in the regression equations (8) and (9) are displayed in Table 1 . 5 This includes interest rates (DEPRATE) for the 13 different deposit products for which we separately estimate our model: NOW accounts, MMDAs, short-term CDs (time deposits with maturities less than 1 year), long-term CDs (time deposits with maturities greater than 1 year), and negotiable CDs (time deposits issued in amounts of $100,000 or more, that can be sold to other depositors). It is our hope that estimating our model for a variety of different deposit products will reveal how competitive price and non-price strategies vary across products with different characteristics.
For example, NOW accounts are checking accounts held by core depositors who differ from other types of depositors in a number of ways: they are more likely visit thrift offices, ATMs, or internet web sites; they incur higher switching costs due to set-up costs for direct deposit and automated bill-pay arrangements; and they are likely to have chosen their current thrift institution because of its physical location relative to their home or workplace. These characteristics make NOW account depositors less price inelastic, and probably make them more susceptible to advertising designed to create a brand image.
In contrast, MMDA depositors -who have only limited check-writing and funds-transfers privileges and are subject to substantial minimum balance requirements -are likely to have selected their current thrift institution based on interest rates, which are substantially higher for MMDAs than for NOW accounts. 4 The number of thrifts steadily declines during our sample period from 1,665 during the first quarter of 1994 to 1,064 during the last quarter of 2000. 5 Some of the variables displayed in Table 1 are constructed by taking the ratio of two other variables. This construction process created a small number of substantial outlying values for some variables. To mitigate the potential influence of these values on our regression results, we 'Windsorized' all ratio variables using the 1 st and 99 th percentiles of their sample distributions.
These depositors are more price-elastic than NOW account holders, less susceptible to brand-image advertising, but more susceptible to advertising that communicates information on interest rates.
Certificates of deposit (CDs) are financial commodity products that differ across competing thrifts mainly in terms of their contractual interest rates. Thus, advertising aimed at selling these products will tend to focus on quantifiable price and maturity information. Still, there are some differences across types of CDs that may have implications for price and non-price competitive strategies. Short-term CDs are fully insured, small denomination financial commodity products sold directly to household customers to fill thrifts' short-term funding needs. Larger denomination negotiable CDs are also issued to fill thrifts'
short-term funding needs, but these products -often referred to as "purchased funds" -are typically sold through brokers and are not insured beyond the first $100,000. Long-term CDs are fully insured, small denomination products that are often owned as savings vehicles by core depositors; as such (and unlike short-term CDs and negotiable CDs) they may exhibit some of the price inelasticity and susceptibility to advertising characteristic of core depositors.
Finally, we note two imperfections in the data we use to measure our dependent variables. First, our regression tests are specified on a product-specific basis, but our advertising variable ADV/TD is not a product-specific measure. Rather, the numerator in ADV/TD measures total advertising expenditures for thrift i. Thus, the magnitudes of any empirical relationships that we may find between productspecific interest rates and thrift-level advertising should be interpreted with some caution. Second, our measure of price -contractual deposit interest rates -is incomplete for NOW accounts or other deposit products that also impose service charges (e.g., minimum balance fees, over-draft protection, per check charges). In practice, this will matter only for checking (NOW) accounts, and is unlikely to matter for MMDAs or time deposits. We attempt to control for this by including a proxy for deposit service charges on the right-hand-side of our NOW account regressions: FEES/TD equals total noninterest fees collected by the thrift from its customers. Note that FEES includes both deposit-related and non-deposit-related items (which is unavoidable given the structure of the TFRs), and as such it may be a poor proxy for our purposes.
Contribution to the literature
Nearly all of the previous empirical literature on joint price and advertising competition uses data from non-financial firms (e.g., Nelson, Siegfried, and Howell 1992, Thomas 1999 , and others).
Relatively few studies have examined competitive advertising by financial firms -not surprising, given how unimportant advertising has traditionally been in this industry. In fact, until recently commercial banking companies were not even required by their regulators to report advertising and marketing expenses separately from other operating expenses. However, as new lending technologies, distribution systems, and evolving market structures have transformed the retail financial services industry, advertising has become an increasingly important strategic tool for depository institutions. This paper extends the existing empirical literature on price and advertising competition to the financial industry.
6
Two extant empirical literatures on financial firms are most relevant for the purposes of this study.
The first is the empirical literature that examines the structure-performance relationship in banking and thrift deposit markets. Berger and Hannan (1989) estimated price-concentration relationships for a number of different deposit products (MMDAs, Super-NOW accounts, and 3-, 6-, 12-, 30-month CD rates) offered by commercial banks; they found strong support for the structure-conduct-performance hypothesis, but little support for the efficient markets hypothesis. Corroborative evidence was provided by Calem and Carlino (1991) , who found a negative relationship between local market concentration and the interest rates offered by commercial banks on MMDAs and 6-month CDs. These two studies relied on pooled cross-sectional time-series estimations to conduct their analyses. (2000) all find that the advertising intensity of thrift institutions increases with competition, consistent with the Brozen hypothesis. Scott (1978) found support for the inverted-U hypothesis for U.S. depository institutions; however, Wolken and Derrick (1986) found no support for this hypothesis in an expanded version of Scott's model that included market entry and market size variables, and concluded that market power has no bearing on advertising intensity for commercial banks.
We advance both of these empirical literatures by melding them together. We simultaneously test the main hypotheses from both literatures -hypotheses about the impact of market structure on deposit prices on-the-one-hand, and hypotheses about the determinants of depository advertising on-the-otherhand -without constraining either deposit prices or advertising levels to be exogenous. Moreover, we estimate these simultaneous price and advertising relationships for an assortment of thrift deposit products with characteristics (liquidity, switching costs, differentiation by location or service quality) that may make them either more or less sensitive to image-creation or branding via advertising. Finally, unlike much of the existing literature, we estimate fixed-thrift effects models to control for unobservable characteristics such as product quality or locational convenience that may affect deposit rates.
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There is also an extant theoretical literature on price and advertising competition (Butters 1977 , Stegeman 1991 , Stahl 1994 , and others). However, to our knowledge de Pinho (2000) is the only existing study that offers a theoretical model to explicitly link the market structure, deposit pricing, and advertising relationships explored in the earlier empirical literature on depository institutions. Although we do not attempt to extend this theoretical literature -we merely borrow de Pinho's theoretical set-upour empirical implementation of his model is substantially richer.
First, although de Pinho derived a multiple equation theoretical model of price and non-price competition at depository institutions, in his empirical tests he specified the equations as reduced forms and estimated them independent of each other. 8 In contrast, we specify his model to allow deposit prices and non-price attributes (advertising) to influence each other in a simultaneous system. Second, de Pinho used data on Portuguese depository institutions during a highly regulated time period when competition between these firms was constrained. In contrast, during our sample period U.S. depositories were relatively unregulated in terms of price, non-price, and geographic competition, and because of this we should be able to estimate more robust relationships between market structure, firm strategic behavior, and market prices. Third, de Pinho constructed an imputed price variable (deposit interest rate) by dividing interest expenses obtained from firms' income statements by the volume of year-end deposits obtained from firms' balance sheets. In contrast, we directly observe the contractual interest rates paid by thrifts on new deposit accounts opened during the final week of each quarter. Finally, de Pinho's data set included just 23 firms operating in a single nation-wide market over ten annual time periods, while our data set includes nearly two thousand thrifts operating in 666 local markets over 32 quarterly time periods.
Results
We estimated the empirical model (8) and (9) as a simultaneous system for the full 1994-2000 quarterly panel data set, using three-stage least squares techniques with thrift fixed effects. The thrift fixed effects control for unobservable and/or non-quantifiable variation across thrifts such as service quality, product quality, and locational convenience. Thus, the estimated coefficient magnitudes are not interpreted as cross-sectional elasticities, but rather as conditional variations in the dependent variables for individual thrifts in response to changes in their vectors of exogenous conditions. The system (8) and (9) was estimated separately for interest rates (DEPRATE) from 13 different deposit products. If a thrift did not sell the deposit product in question during a quarter, that thrift-quarter observation was dropped.
The results are reported in Tables 2 and 3. In general, our findings suggest that thrift institutions use advertising in a strategic fashion similar to non-financial firms. We find at least some support in the data for each of our five main hypotheses.
Interestingly, the degree to which the data support these hypotheses often depends on the attributes of the different deposit products or, as revealed in the subsample regressions, the characteristics of the thrifts themselves. We find strong evidence consistent with the structure-price hypothesis for relationship-based deposit products like NOW accounts, but no similar evidence for short-run or negotiable CD products.
This bifurcation of results for NOW accounts versus other deposit products is a re-occurring feature of our results: we find evidence consistent with the branding hypothesis only for NOW account deposit rates, and evidence consistent with the information hypothesis only for non-NOW account deposit rates.
Support for the branding hypothesis is strongest among thrifts for which investment in brand-building seems reasonable, e.g., for long-lived thrifts and for thrifts with a strong strategic product focus. The Dorfman-Steiner and structure-advertising hypotheses both receive systematic support in the data, although the latter effect is non-existent for mutual-owned thrifts, suggesting that a strong profit motive is necessary for strategic use of non-price attributes. Mutual-owned thrifts are also less likely to exploit market share gains by paying reduced interest rates to their core depositors.
Results from equation (8)
We begin with the two hypotheses tested in equation (8), the structure-price hypothesis and the branding hypothesis. These results are displayed in Table 2 .
Consistent with the structure-price hypothesis, the derivative with respect to HHI (reported at the bottom of the columns) is negative and significant for deposit products that entail some relationship, stickiness, or inelasticity between the thrift and the depositor. This effect is strongest, although economically small, for the checkable deposit products (NOW accounts and MMDAs). An increase in HHI from the sample mean to 0.18 (a critical level in U.S. antitrust guidelines) is associated with only about a 2 basis point reduction in these deposit rates. The HHI derivative is also negative and significant for long-term CD products -often used as a savings vehicle by these same core deposit customersalthough the economic effect is smaller still for the interest rates on these products. This derivative is either non-significant or positive for short-run and negotiable CD products; the degree of local market rivalry is likely to matter less for these deposit products, which are typically sold to raise funds in the short-run outside of local markets and to non-core customers.
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Holding HHI constant, NOW account rates also tend to decrease by small amounts with thrifts' own market share. A doubling of MS (from 6.6 percent to 13.2 percent of the local market) is associated with about a 3 basis point reduction in interest rates on these deposits. Thus, the data reflect the existence of pricing power at both the market-level (e.g., conveyed to all thrifts by high market concentration) and at the firm-level (e.g., conveyed to a single dominant thrift) for some deposit products in some local markets. The negative market share effect holds only for NOW accounts, however, and tends to be nonsignificant or positive for the other deposit products. The positive MS derivatives for negotiable CDs may indicate that thrifts with high market shares often need to go outside their local markets for short-run deposit funding. (Although the MS derivative is not our formal test of the branding hypothesis, its negative sign for NOW accounts is consistent with branding: a dominant market share may by itself convey a brand image, and allow a thrift to set more favorable prices on differentiable deposit products.)
The coefficient on COSTRATIO is usually negative and is statistically significant for about half the deposit products. As discussed above, this is consistent with the market-efficiency hypothesis.
Although this is a rather weak test, it suggests that the competing hypotheses about market structure and prices are not necessarily mutually exclusive.
The branding hypothesis predicts a negative coefficient on ADV/TD. However, this coefficient is significantly positive in all cases except for the NOW account equation, where it is either negative or non-significant (depending on whether imperfect control variable FEES/TD is specified). As discussed above, NOW accounts are more likely than other deposit products to be "brandable" because thrifts can differentiate the attributes (e.g., free checking, internet banking) and service quality (e.g., access to 9 These positive signs may be capturing the "rural deposit premium" paid by banks and thrifts in many rural markets, where local market concentration tends to be very high. DeYoung, Hunter, and Udell (2004) report that interest expenses as a percentage of assets are about 25 basis points higher for rural commercial banks than for similar-sized urban banks (table A1) .
branches, tellers, and ATMs) associated with this core customer product, and can more efficiently target these captive customers with advertising messages (e.g., monthly statements, branch office promotions).
The economic magnitude of this branding result is more substantial: in column [3] a doubling of ADV/TD is associated with a 22 basis point reduction in NOW account rates. The significantly positive ADV/TD coefficients for the remaining deposit rates foreshadow the information effect, which we test formally in equation (9).
We find further confirmation of the differences between checkable and non-checkable deposit products by comparing the estimated RIVALRATE coefficient across equations. Not surprisingly, this coefficient is significant and positive in all equations, but the magnitudes vary substantially. For CD products this coefficient ranges between 0.403 and 0.825, and is generally closer to 1 than to 0. This is consistent with a "law of one price" for financial commodity products that are not differentiable across firms. This coefficient is substantially smaller for NOW accounts and MMDAs, however, ranging only from 0.175 to 0.274; for example, the average thrift responds to a 100 basis point increase in market interest rates on checking accounts by increasing its own checking account interest rates by just 20 basis points or so. This is indicative of the switching costs in these deposit accounts, which make thrifts' own checking deposit demand curves relatively inelastic in the short-run (i.e., quarterly). Table 2 are worth mentioning. The significant negative coefficient on LOWEQ -about 25 to 45 basis points on NOW accounts and 45 to 60 basis points on long-term CDs -may indicate that financially troubled thrifts cut costs by cutting rates paid to their most inelastic customers. However, we find only marginal evidence that undercapitalized thrifts respond to moral hazard incentives by offering higher rates to purchase 'hot money' -the LOWEQ coefficients are positive for short-run CDs and negotiable CDs with maturities of less than 6 months, but tend to be significant only at the 10 percent level. The negative sign on the FEES/TD coefficient suggest that this accounting line is a poor proxy for fees on checking accounts (which should vary positively with checking account interest rates) and is probably dominated by fees on non-deposit products (e.g., investment products and services) or non-NOW deposit accounts (e.g., early withdrawal penalties). The coefficients on the TAU and INCGROWTH variables are either non-significant or follow no systematic pattern.
Several additional results in

Results from equation (9)
We now focus on the three hypotheses tested in equation (9), the structure-advertising hypothesis, the information hypothesis, and the Dorfman-Steiner hypothesis. These results are displayed in Table 3 . For consistency with Table 2 we include all 15 regressions, noting that the only data that change across the columns of Table 3 are the right-hand-side DEPRATE variables. Not surprisingly, the estimated parameters of (9) are quite robust across these columns.
We find an inverted-U shape between ADV/TD and HHI (positive coefficient on HHI and negative coefficient on HHI 2 ), but this relationship reaches its peak for values of HHI that are far above the sample means. Thus, we find a positive relationship between HHI and ADV/TD at the means of the data: an increase in HHI to the critical 0.18 level is associated with between a 2.2% and 5.6% increase in advertising expenditures. This is a substantial economic effect and, coupled with the negative structureprice effect found in Table 2 , it suggests a strategic role for advertising: thrifts substitute non-price competition for price-competition as local markets become more oligopolistic.
Holding HHI constant, a doubling of a thrift's own market share is associated with a 1.8% to 4.9% decline in advertising expenditures -this makes economic sense, given that thrift i's potential returns from advertising are proportional to its rivals' combined market shares (i.e., 1 -MS i ). This 'potential returns' interpretation is consistent with our tests of the Dorfman-Steiner hypothesis. The coefficient on MARGIN is positive, statistically significant, and economically large: a 100 basis point increase in MARGIN is associated with a 2.3% to 4.7% increase in advertising expenditures.
We also find strong evidence consistent with the information hypothesis. The coefficient on DEPRATE is always positive and significant for short-term CDs, long-term CDs, and negotiable CDs, deposit products that thrifts use predominantly or exclusively to raise funds. These products are nondifferentiable financial commodities, and vary across thrifts only in terms of the contracted interest rate.
Hence, the most likely explanation for these positive coefficient estimates is that thrifts use advertising to inform potential customers (e.g., via newspaper ads) or current depositors (e.g., via in-branch promotions or circulars included with account statements) that they are offering above-market rates on these products.
A 50 basis point increase in these interest rates is associated with a 5% to 14% increase in advertising expenditures. The large magnitude of this effect is interesting -it implies that information about deposit prices is a primary role of advertising expenditures at thrift institutions.
Equally interesting is the striking difference in the DEPRATE coefficient between the two types of checkable deposit accounts. For NOW accounts, which are first and foremost transactions accounts, this coefficient is negative and significant. This is not at all consistent with an information effect -on the contrary, this is more consistent with branding effects -and it implies that thrifts accompany rate reductions in NOW accounts with increased marketing to assuage these core customers and reduce the chance of depositor run-off. For MMDAs, which are primarily savings vehicles even though they also allow the depositor a limited number of withdrawals by check or transfer, this coefficient is positive and significant -consistent with an information effect and implying that MMDA deposits are rate-sensitive.
Several additional results in Table 3 are worth mentioning. Not surprisingly, the coefficient on RIVALADV is positive and significant, but the magnitude is very small -a doubling of ADV/TD by market rivals is associated with at most just a 3.5% increase in a thrift's own ADV/TD. Thus, unlike thrift deposit prices which have a strong tendency to move together with rival thrift deposit prices (see results in Table 2 ), thrift advertising is little influenced by rival thrift advertising. Other significant influences on thrift advertising include local economic conditions, thrift size, and product mix. The coefficient on INCGROWTH is positive, another indication (consistent with the market share and Dorfman-Steiner effects in Table 2 ) that thrifts increase advertising expenditures as the potential returns from advertising increase. The coefficient on lnASSETS is negative, consistent with diminishing returns to advertising and/or size-based increases in the efficiency of advertising. The coefficients on the product mix variables likely reflect the degree of competition thrifts face in various lines of business. The data suggest that thrifts spend an above-average amount to advertise consumer installment loans, perhaps because thrifts are competing against banks, finance companies, and other thrifts for these customers. In contrast, the data suggest that thrifts spend a less-than-average amount on advertising IRA and Keogh accounts, perhaps because these products are predominantly cross-sold to captive, core depositors.
Results from subsample regressions
We checked these results for robustness by re-estimating the model for a variety of data subsamples and re-specifications. Most of the robustness tests generated results that are fundamentally similar to the results reported in Tables 2 and 3. (To save space, we do not display the results of the robustness tests here. Full results are available upon request from the authors.)
For example, we excluded RIVALR and RIVALADV from the right-hand-side of the regression equations, because we were concerned that we may have over-specified the model by including these variables. This had little effect on any of our five main hypothesis tests, other than making the estimated structure-price relationship more stable across deposit products. The only other notable change was for the LOWEQ coefficient, which revealed stronger evidence that poorly capitalized thrifts paid moral hazard premia (70 to 150 basis points) on negotiable CDs.
Similarly, our five main hypothesis tests were generally robust to re-estimating the model for data subsamples: single-market thrifts that drew all of their deposits from a single MSA or a single county; urban thrifts that drew none of their deposits from rural counties; 10 mutual thrifts that were owned by their depositors; stock thrifts that were owned by equity holders; strategically focused thrifts with high concentrations (above the sample median) of mortgage loans; and survivor thrifts that existed in both the first quarter and the final quarter of the sample period. There were a handful of notable results in these subsample regressions.
The parameters of the 'inverted-U' relationship between HHI and ADV/TD differed substantially with ownership form. In the stock-owned subsample the inverted-U reaches its apex well to the right of the subsample mean for HHI, suggesting (as in the full sample) that the average stock-owned thrift increasingly engages in non-price competition as local markets become more oligopolistic. In contrast, in the mutually-owned subsample the inverted-U reaches its peak very near the subsample mean for HHIand the derivative of ADV/TD with respect to HHI tends to be statistically non-significant -suggesting that firms with weak profit motives are less likely to use advertising as a strategic tool.
Running separate regressions by ownership type also revealed some evidence of possible agency effects among the stock-owned thrifts. For NOW accounts in the mutual thrift subsample regressions, the derivative of DEPRATE with respect to MS tended to be positive, suggesting these thrifts tend to pass along to core depositors any local market power gains (e.g., in lending or fee-based services). In contrast, this derivative was negative for NOW accounts in the stock subsample regressions, suggesting that managers of these thrifts use local market power gains to exploit the inelasticity of these core depositors.
Although we found only weak support for the branding hypothesis in the full sample results displayed in Table 2 , we found somewhat stronger evidence of this strategic behavior among thrifts most likely to have strong incentives to invest in brand-building: the subsample of strategically focused thrifts and the subsample of survivor thrifts. The coefficient on ADV/TD in equation (8) was more often negative and significant for thrifts in these two subsamples. Firms with a strong strategic focus (in this case, thrifts that concentrate on traditional mortgage lending) have a clear message that is easier to convey via advertising. Firms with long time horizons (in this case, thrifts that are not looking to sell the franchise) have a greater incentive to invest in a brand image.
Summary
There is not a rich tradition among financial institutions of using advertising as a strategic tool. This is not surprising, because the strategic actions of the firms that provide retail financial services have been heavily constrained by government regulation of prices, product offerings, and geographic location.
But in recent years most of these regulatory restrictions have been lifted, creating increased opportunities and incentives for retail financial institutions to advertise.
The strategic use of advertising has been studied extensively for non-financial firms, but we know little about strategic advertising expenditures by financial institutions. This study attempts to remedy this deficiency. We closely follow the theoretical approach of de Pinho (2000) by modeling a profitmaximizing depository institution that sells loans in competitive markets but can choose its own deposit prices and deposit non-price attributes. Our contributions to the literature comes in the empirical implementation of this model: we derive a broader set of explicit, testable hypotheses from the theoretical model; we test these hypotheses in a fully simultaneous framework that is more consistent with the spirit of the theoretical model in which deposit prices and deposit non-price attributes are jointly determined;
and we estimate the model using data that are drawn from a deregulated environment in which firms are better able to compete on price and non-price grounds.
We derive five testable hypotheses from the theory model: the structure-advertising hypothesis;
the branding hypothesis; the information hypothesis; the Dorfman-Steiner hypothesis; and the structureprice hypothesis. We test these hypotheses in a simultaneous equations system of contractual deposit interest rates and advertising-to-deposit ratios using a panel of 32,000 quarterly observations: 1,867 deregulated thrift institutions offering 13 different deposit products (NOW accounts, money market mutual accounts, and a variety of short-term, long-term, and negotiable CD products) in 666 local markets in the U.S. between 1994 and 2000.
We find at least some empirical support for each of our five hypotheses, and this support is often conditional on the attributes of the various deposit products or the characteristics of the various thrifts.
We find that higher advertising expenditures are associated with lower deposit rates for checking accounts owned by core customers, consistent with successful brand differentiation that enhances pricing power by reducing price elasticity. In contrast, we find that advertising expenditures vary positively with interest rates on standardized time deposit products that are typically sold to non-customers, consistent with the use of advertising as a tool to convey information (e.g., an offer of above-market interest rates). We find strong positive relationships between advertising expenditures and price-cost margins, consistent with the Dorfman-Steiner hypothesis that in profit-maximizing firms advertising expenditures will be determined by marginal revenue products. We find a positive relationship between advertising expenditures and market concentration among stock-owned thrifts, but no such relationship among mutual thrifts, suggesting that a strong profit motive is a necessary condition for strategic advertising. And we find systematic evidence that increased local market concentration confers market power on the typical thrift institution, as evidenced by small reductions in interest rates paid to depositors. 
